This paper reviews the developmental role of a group of homeobox-containing genes firstly described in the early nineties as critical factors regulating eye development in Drosophila. These genes received the name of BarH due to the Drosophila "Bar" mutant phenotype and, since then, vertebrate homologues (named BarH-like or Barhl) have been described in a number of species of fish, amphibians and mammals. During embryonic development, BarH/Barhl are expressed primarily in the central nervous system where they play essential roles in decisions of cell fate, migration and survival. Transcriptional regulation mediated by these proteins involves either repression or activation mechanisms. In Drosophila, BarH is involved in morphogenesis and fate determination of the eye and external sensory organs, in regional prepatterning of the notum, and in formation and specification of distal leg segments. Vertebrate Barhl shares some functional properties with the fly counterparts, such as the ability to interact with basic helix-loop-helix (bHLH) proneural proteins, and plays crucial roles during cell type specification within the retina, acquisition of commissural neuron identity in the spinal cord, migration of cerebellar cells, and in cell survival within the neural plate, cochlea and cerebellum.
Introduction
The scope of this paper is to provide readers with a first updated review about the role of BarH transcription factors during embryonic development. BarH belongs to a group of homeobox-containing genes initially described in the early nineties as critical factors regulating eye development in Drosophila (Higashijima et al., 1992a,b; Kojima et al., 1991) . These genes received the name of BarH due to the Drosophila "Bar" mutant phenotype and, since then, homologues have been described in fish (zebrafish, medaka), amphibians (Xenopus) and mammals (rat, mouse and human). In vertebrates, BarH homologues have been reported as either BarH (bh) (Patterson et al., 2000; Saito et al., 1998) or BarH-like (Barhl) (Bulfone et al., 2000; Colombo et al., 2006; Lopes et al., 2006) . They cluster into two paralogue groups according to their amino acid and nucleotide sequences ( Fig. 1B) and to the patterns of expression during development (Table 1) (Colombo et al., 2006) . Confus-ingly, assignation of paralogue number is inverted in different reports depending on the nomenclature used. In mouse, for example, mbh1 corresponds to mBarhl2 and vice versa. For clarity, we have adopted the Barhl nomenclature as it has a HGNC-approved symbol (HGNC:954) (Colombo et al., 2006) and alternative names are given in the legend of Fig. 1 .
Key structural properties of BarH/Barhl
Structurally, all BarH/Barhl transcription factors share a homeodomain and one or two FIL domains within the amino terminal region (see below) ( Fig. 1A) . The homeodomain is a well-conserved motif of about 60-amino-acid residues organized in three α-helices that fold three-dimensionally to acquire helix-turn-helix configuration capable of binding to DNA ATTA-containing sequences (Gehring et al., 1994) . The presence of a glutamine (Q) residue at position 50 of the homeodomain identifies BarH/Barhl as part of a highly conserved group of Q50-Homeoproteins that also include Drosophila Even-Skipped, Engrailed, Paired and Antennapedia (Biggin and McGinnis, 1997; Galliot et al., 1999) . Site-directed mutagenesis in Paired indicates that Q50 is required for the homeodomain to make direct contact with nucleotides just upstream of the ATTA sequence, an interaction that results critical for DNA-binding specificity (Treisman et al., 1989) . BarH/Barhl transcription factors are best characterized by the presence of a tyrosine (Y) residue at position 49 within the third helix of the homeodomain (also known as "recognition helix"), which substitutes the more common phenylalanine (F) seen in other homeoproteins (Fig. 1A, asterisk) . The biological significance of this substitution is still unknown but it might influence the recognition of DNA target sites given its location within the recognition helix. It is interesting that Y49 is present in the canonical sequence specific for some kinases such as epidermal growth factor receptor (EGFR) (personal observation), which is known to be involved in the induction of BarH expression (see below). Post-translational modifications through kinase activity could therefore influence the conformation of the homeodomain having a bearing on the biological activity of BarH/Barhl. The homeodomain of several proteins is target of phosphorylation reactions. The possible functional consequences of these post-translational modifications include regulation of DNA-binding and/or ligand secretion/internalization (Bourbon et al., 1995; Hjerrild et al., 2004; Maizel et al., 2002; Moore et al., 2002) .
Homology between BarH/Barhl proteins also extends to FIL domains. These small regions containing phenylalanine (F), isoleucine (I), and leucine (L) were first described in the Drosophila Engrailed and are present in other homeoproteins such as Goosecoid, Nk-1 and Nk-2 (Saito et al., 1998; Smith and Jaynes, 1996) . Functional analyses indicate that FIL domains are critical for transcriptional repression activity in vivo (Smith and Jaynes, 1996) through a mechanism that involves recruitment and direct interaction with the co-repressor Groucho (Bae et al., 2003; Choi et al., 1999; Jimenez et al., 1999) . This interaction leads to the formation of a large nucleoprotein complex that blocks promoter function thereby preventing initiation of gene expression (Courey and Jia, 2001) . Although this mechanism seems to operate in homeoproteins containing at least one FIL domain it is still unclear whether all BarH/Barhl-mediated transcriptional activity involves Groucho recruitment. Curiously, although the sequences of FIL domains are partially conserved among species, their number is variable. Drosophila BarH has only one FIL domain whereas vertebrate Barhl contains either one or two (Fig. 1A) . The functional significance of this variability is still obscure.
The biological activities of BarH during Drosophila development

Neurogenesis in the retina
The developing eye is a favorite model for the study of pattern formation and cell fate determination. The Drosophila compound eye is composed of about 800 identical photoreceptor organs, named ommatidia, arranged in a precise hexagonal assembly. Each ommatidia is made up of eight photoreceptor neurons (R1-R8) together with four overlaying cone cells and additional pigment cells. Ommatidium formation begins during the mid-third instar with the formation of a groove, the morphogenetic furrow (MF), which is generated in the posterior margin of the eye imaginal disc and progresses towards anterior (Ready et al., 1976) . Regularly spaced ommatidia are formed behind the MF as it moves forward, and one of the first neurons to differentiate is the R8 photoreceptor cell. A first indication that BarH plays a role in neurogenesis within the retina came from the analysis of the Drosophila Bar mutant phenotype, in which the observed suppression of ommatidium differentiation at the anterior portion of the eye is linked to BarH gain-offunction (Kojima et al., 1991) . Early expression of BarH1 and BarH2 covers the field of undifferentiated retinal precursors, which largely complements to the expression of the bHLH proneural gene atonal (ato) (Higashijima et al., 1992a) . It is known that ato is required to specify the proper number of R8 photoreceptors (Jarman et al., 1995) as larvae mutant in this gene show defective R8 photoreceptor neuron selection (Jarman et al., 1994) . Combined loss of BarH1 and BarH2 function in undifferentiated precursor cells leads to ectopic ato expression and formation of ectopic photoreceptor clusters (Lim and Choi, 2003) , which is consistent with reports showing that these genes are able to repress ato activity at a transcriptional level through 3′-and 5′-regulatory elements (Lim and Choi, 2003) . Altogether, these results indicate that BarH plays an important role in The three conforming helices of the homeodomain are indicated. The asterisk points to the characteristic tyrosine (Y) residue at position 49 of the third helix, which replaces the more common phenylalanine (F). Most vertebrate Barhl contain two FIL domains whereas Drosophila BarH and other homeoproteins posses only one FIL domain. Amino acid identities within the HD and FIL domains are highlighted in black. (B) Phylogenetic relationship between Drosophila BarH, vertebrate Barhl and other homeobox genes containing sequences encoding for FIL domains. Vertebrate Barhl members cluster into two paralogue groups diverging from Drosophila BarH and from other homeobox genes. The phylogenetic tree was drawn using ClustalW software available on line (http://www.ebi.ac.uk/clustalw/) using nucleotide sequences encoding for an extended homeodomain region. GenBank accession Nos. for mRNA and protein sequences were obtained from: Homo sapiens Barhl1 (NM_020064 and NP_064448), Homo sapiens Barhl2 (NM_020063 and NP_064447), Mouse musculus Barhl1 (NM_019446 and NP_062319, also found as mBH2), Rattus norvegicus Barhl2 (NM_022956 and NP_075245, also found as mBH1), Xenopus laevis Barhl1 (AF283692 and AAG14451; found as XBH2), Xenopus laevis Barhl2 (AF283691 and AAG14450; found as XBH1), Xenopus tropicalis Barhl1 (ENSXET00000006257), Xenopus tropicalis Barhl2 (EMSXETG00000023986), Danio rerio Barhl1.1 (AY596176 and AAS92236; found as BarH2), Danio rerio Barhl1.2 (AY596187 and AAU00059; found as BarH3), Danio rerio Barhl2 (NM_205740 and NP_991303, found as B-H2), Oryzias latipes Barhl1 (AJ426046 and CAD19778, found as Bar), Drosophila melanogaster BarH2 (NM_078662 and NP_523386.1), Drosophila melanogaster BarH1 (NM_078663 and NP_523387), Mouse musculus Barx1 (NM_007526 and NP_031552.1), Homo sapiens Barx2 (NM_003658 and NP_003649.2), Mouse musculus Gsc (NM_010351 and NP_034481.1), Danio rerio Gsc (NM_131017 and NP_571092.1), Drosophila melanogaster Gsc (NM_057601 and NP_476949.1), Homo sapiens Emx1 (BC045762 and AAH45762.1), Caenorhabditis elegans Ceh-30 (NM_076123 and NP_508524.1).
restricting neurogenesis within the Drosophila eye by confining ato activity to a small subset of undifferentiated retinal precursor cells. It then becomes essential to properly regulate BarH expression to achieve a normal pattern of retinal neurogenesis. Hedgehog (Hh) signaling from the posterior margin of the disc induces BarH expression during MF initiation. Through MF progression, BarH is induced by ato-depended EGFR signaling from the migrating furrow. Finally, once initiated, expression of BarH is also maintained by positive autoregulation (Lim and Choi, 2004) (Fig. 2) .
BarH function is also required for differentiation of R1 and R6 photoreceptors, and of pigment cells (Higashijima et al., 1992a) . In R1 and R6 photoreceptors, BarH expression is regulated by the transcription factors lozenge (lz) and glass (gl). The zincfinger transcription factor gl controls lz expression (Moses and Rubin, 1991; Yan et al., 2003) and thus indirectly regulate BarH1 and BarH2 expression (Higashijima et al., 1992a) . lz is coexpressed with BarH in basal undifferentiated cells, and loss of function of lz leads to a decrease in the level of BarH expression in R1 and R6 photoreceptors (Daga et al., 1996; Flores et al., 1998) . As expression of BarH is unaffected in basal undifferentiated cells (Daga et al., 1996; Lim and Choi, 2004 ) it remains to be determined how BarH specifically affects differentiation of R1 and R6 photoreceptor cells (Flores et al., 1998) .
Finally, BarH is also required for the development of primary pigment cells as in mutants of sparkling (spa), the Drosophila homolog of the mammalian paired-box gene pax2, both BarH expression and primary pigment cells are completely abolished (Fu and Noll, 1997; Higashijima et al., 1992a) (Fig. 2) .
Prepattering of the developing notum
The Drosophila notum is a two-dimensional sheet of patterned sensory bristles, macrochaetae and microchaetae. Bristles are derivatives of sensory organ precursors singled out from epidermal cells expressing bHLH proneural genes of the achaete-scute complex (AS-C). Both, the expression of AS-C and the formation of bristles are regulated by putative prepattern genes, which are normally expressed in longitudinal domains within the developing notum (Calleja et al., 1996; Gomez-Skarmeta et al., 1996; Ramain et al., 1993) . BarH1 and BarH2 function as prepattern genes but are expressed in latitudinal domains in the notum. Contrary to what is seen in retinal neurogenesis, expression of BarH leads to activation of AS-C in the notum therefore inducing the formation of microchaetae (Sato et al., 1999) .
Notal expression of BarH is regulated by Decapentaplegic (Dpp) and Wingless (Wg) signaling. During late third instar, the expression of BarH in the prescutum is immediately adjacent to the domains of dpp and wg expression. FLP/FRT-mediated mosaic analysis reveals that overexpression of dpp abolishes BarH expression (Xu and Rubin, 1993) whereas reduction of dpp activity increases its expression in the medial region of the future notum (Sato et al., 1999) . In contrast, Wg signaling appears to be a positive regulator of BarH. Clones mutant for the β-catenin homologue armadillo (arm) fail to express BarH while clones expressing a constitutively active form of arm misexpress BarH in the lateral prescutum (Sato et al., 1999) . In the latter, wg expression is also repressed suggesting that BarH functions as a negative regulator of wg expression (Sato et al., 1999) .
Specification of distal leg segments
Drosophila legs are composed of segmental units arranged from proximal to distal as follows: coxa, trochanter, femur, tibia, tarsal segments 1-5 (ta1-ta5) and pretarsus (pt). The leg disc is initially divided into distal and proximal domains through Dpp and Wg signaling. The distal domain at the centre of the disc expresses Distal-less (Dll), which is required for the development of all distal structures other than the coxa (Cohen et al., 1989) . However, it seems that Dll is not sufficient to distalize the leg; also a gradient of EGFR activity is required. Temperature-sensitive mutant larvae in which EGFR activity is impaired show a truncation of the leg that is well correlated to altered expression of distal markers such as BarH, aristaless, and rotund (Campbell, 2002) . A requirement of BarH for proper segmentation and determination of the distal segments ta3-ta5 (Kojima et al., 2000) has been demonstrated through mosaic analysis using a larval-lethal deletion of BarH1 and Telencephalon
Drosophila BarH1 and BarH2 show overlapping expression domains in most tissues. Vertebrate Barhl1 and Barhl2 show distinct domains of expression, which is consistent with the paralogue subdivision based on nucleotide and amino acid sequence analyses shown in Fig. 1 . References: Mm Barhl1 (Bulfone et al., 2000; Rachidi and Lopes, 2006) ; Dr barhl1.1, Dr barhl1.1, Dr barhl2 (Colombo et al., 2006) ; Dm, Dm BarH2 (Higashijima et al., 1992a,b) ; Mm Barhl2 (Mo et al., 2004) ; Xl Barhl1 and Xl Barhl2 (Offner et al., 2005; Patterson et al., 2000) .
BarH2 (Df(1)B 263-20 ) (Higashijima et al., 1992a) . In legs totally composed of cells hemizygous for Df(1)B 263-20 , tarsal segments 2-5 are fused together into a small bulb-like, whereas other leg segments are normal. By the early third larval instar, uniform circular expression of BarH is observed in the future ta3-ta5 regions within the Dll domain. In fact, BarH expression requires Dll as its expression is abolished in Dll(−) mutant clones (Kojima et al., 2000) . Shortly after beginning of BarH expression, the central fold, which develops into ta3-ta5 and pt, forms as a constriction along the outer circumference of the early BarH expression domain. After folding is complete, levels of BarH expression turn low and high in future ta3 and ta5 regions, respectively (Kojima et al., 2000; Kozu et al., 2006) . Although the molecular mechanisms responsible of setting up differential t3-t5 BarH expression remain unclear, a recent paper suggests a role of an enhancer region located upstream of the BarH1 locus (Kojima et al., 2000; Kozu et al., 2006) . This enhancer, called ta5, is comprised of two units: a basal enhancer with BarH-depended activity that is required for driving and maintaining strong BarH expression in the ta5 region, and a negative regulatory motif that serves as a binding site for heterodimer Spineless/Tango complex and which is necessary for repressing BarH expression (Kozu et al., 2006) . It has been proposed that during the early third instar, binding of the Spineless/Tango complex to the ta5 negative regulatory motif represses BarH expression. Thus, BarH expression observed at this stage is independent of this enhancer and therefore induced/maintained by a still unknown mechanism. At later stages, a decrease in Spineless/Tango complex expression together with an increase in the activity of the BarH-dependent basal enhancer is though to be responsible of the increase in BarH expression within ta5 (Kojima et al., 2000; Kozu et al., 2006) .
The biological activities of Barhl during vertebrate development
Specification of cell fate in the neural retina
The vertebrate neural retina is formed by six types of neurons and one of glia, arranged into three cellular layers. Photoreceptor cells constitute the Outer Nuclear Layer whereas horizontal, bipolar, amacrine interneurons and Müller glial cells form the Inner Nuclear Layer. Finally, retinal ganglion and displaced amacrine cells constitute the Ganglion Cell Layer. As in Drosophila, cell fate decisions in the vertebrate retina require the coordinated activity of bHLH proneural genes. The atonalhomolog 5 (ath5), a gene related to the Drosophila proneural factor atonal (Jarman et al., 1993) , appears to play a central role in the control of retinal ganglion cell (RGC) specification. Mouse, Xenopus and zebrafish ath5 are expressed in the retinal primordium just prior to RGC genesis (Brown et al., 1998; Kanekar et al., 1997; Masai et al., 2000) . Consistently, mutants in which ath5 expression is affected show reduced retinal neurogenesis (Brown et al., 1998; Masai et al., 2000) , and ath5 overexpression biases retinal progenitors toward RGC fates at the expense of other retinal cell types (Kanekar et al., 1997) . These results are consistent with ath5 acting as a proneural gene, contributing to the establishment of a field of progenitor cells competent for RGC fates (Mu and Klein, 2004) . In accordance to this, only a subset of ath5-expressing cells becomes RGC (Brown et al., 1998; Wang et al., 2001) . In addition, ath5 looses its ability to promote RGC and favors other later retinal fates when misexpressed in retinal precursor cells (RPC) together with factors that enhance proliferation (Ohnuma et al., 2002) . A possible link between ath5 and RGC fate is Barhl. In Xenopus, Barhl2 acts as a late transcriptional repressor downstream of ath3 and ath5, and promotes the expression of the POU domain transcription factor brn3, the earliest marker of RGC fates (Hirsch and Harris, 1997; Poggi et al., 2004) . Moreover, Barhl2 appears to act as a switch favoring ganglion cell fates at the expense of photoreceptor cell fates.
A second retinal fate influenced by Barhl function is the amacrine cell fate. In mouse, forced expression of Barhl2 promotes differentiation of glycinergic amacrine cells at the expense of bipolar and Müller cell fates (Mo et al., 2004) , a process that is also regulated by pax6, neuroD, and athonal 3 (Math3) (Inoue et al., 2002; Marquardt et al., 2001) . In agreement with an activator role of Barhl2, a construct encoding for the homeodomain region of this protein fused to the Drosophila Engrailed repressor domain (EnR) is unable to induce glycinergic amacrine cell fates. The proposed activator role of Barhl2 during amacrine cell fate specification contrasts to the repressor role of Barhl2 during RGC specification in Xenopus. This suggests that as in Drosophila the cellular context plays a critical role in determining the activator or repressor activity of BarH/Barhl.
Determination of commissural neuron identity
Commissural interneurons of the spinal cord differentiate in dorsal positions and send their axons ventrally towards the floor plate, where they cross the midline and then turn either rostrally or caudally (Jessell, 2000) . In mouse, Barhl2 is expressed in the most dorsal cell type of the spinal cord (D1) at embryonic day 10.5, and appears to confer commissural neuron identity (Saba et al., 2003) . In fact, ectopic expression of Barhl2 leads to an increase in the number of commissural cells as revealed by the commissural markers TAG and DCC (Saba et al., 2003) . In these cells, Barhl2 expression is regulated by the mouse homolog of the Drosophila proneural gene atonal1 (Math1). Accordingly, Barhl2 and Math1 show similar expression domains in the dorsal spinal cord, and the development of D1 cells is lost in Math1 knock-out mice and increased after ectopic expression of Math1 (Bermingham et al., 2001; Gowan et al., 2001) . A recent report shows that Barhl2 works as a direct target downstream of Math1, being necessary and sufficient for the specification of commissural neuron identity (Saba et al., 2005) . Math1 appears to regulate Barhl2 by recognizing and binding to specific E-box sequences within the Barhl2 enhancer region. Interestingly, this enhancer region is absent in Barhl1 suggesting that in mouse different regulatory mechanisms control Barhl1 and Barhl2, despite their similar expression domains during development (Table 1) .
Cell migration in the cerebellum
Cerebellar granule cells and precerebellar neurons originate from the germinal rhombic lip, a region of incomplete closure of the dorsal neural tube at the level of the fourth ventricle. Shortly after the rhombic lip is induced, granule cells migrate away from the roof plate and accumulate distally to form the external granule cell layer (EGL). Then, after precursors have once again divided within the EGL, cells migrate radially through the cerebellum to settle in the internal granule cell layer. In mouse, specification of cerebellar granule and precerebellar neuronal cell fates are independent of Barhl function, despite the central role that Math1 plays in this process (Ben-Arie et al., 1997) . However, targeted disruption of Barhl1 results in attenuated foliation and hypotrophy of the cerebellum caused by deficiencies in radial migration and survival of granule cells . In Barhl1-null mice, migration and survival of mossy fiber-extending precerebellar neurons is also affected . Although the mechanisms that control migration and survival of cerebellar and precerebellar neurons remain unclear, the great reduction in the expression of Neurotrophin 3 (NT-3) observed in Barhl1null mice suggests a possible role of this factor downstream of Barhl1.
Cell survival
In addition to the report that links mouse Barhl1 to cerebellar and precerebellar granule cell survival, two other recent papers propose a requirement of Barhl for cell survival in the developing central nervous system of vertebrates. In mouse, Barhl1 is expressed in all hair cells from the cochlear and vestibular sensory apparatus, although its transcripts localize predominantly to the developing cochlear outer cells. Accordingly, targeted deletion of Barhl1 leads to progressive degeneration of cochlear hair cells, resulting in severe to profound hearing loss (Li et al., 2002) . The proneural gene Math1 (Bermingham et al., 1999; Woods et al., 2004) and the POU domain transcription factor Brn3c (Xiang et al., 1998) have a positive control of mechanosensory hair cell development at early and late developmental stages, respectively. Brn3c, in particular, regulates terminal differentiation and cell survival and seems to be genetically upstream of Barhl1 since its expression is detectable in Barhl1-null mice (Li et al., 2002) . It is interesting that Drosophila BarH and vertebrate Barhl are both involved in the development of sensory-neural organs, although playing different roles. In contrast to Drosophila in which BarH has a central role in sensory cell fate specification, vertebrate Barhl is primarily involved in maintenance of sensory cells (Higashijima et al., 1992b) .
Expression of Barhl has been largely considered as restricted to neural tissue in vertebrates. However, a recent report in Xenopus indicates that in addition to its neural expression domains (Patterson et al., 2000) Barhl2 is also detected in the posterior dorsal mesoderm during early stages (Offner et al., 2005) . Interestingly, overexpression of Barhl2 leads to an increase in the number of apoptotic neural plate cells, in particular at the dorsal midline, which ultimately results in a reduction of the neural plate territory. Programmed cell death (PCD) in the neural plate normally takes place within populations of undifferentiated cells and is among the earliest cell deaths to be observed during development (Yeo and Gautier, 2004) . Barhl2 induction of PCD requires the presence of FIL domains (Offner et al., 2005) but the mechanism responsible of this induction, and the conservation of the role of Barhl2 in PCD among vertebrates, remains to be determined.
Conclusions and perspectives
Since the initial description of BarH as regulators of eye development in Drosophila, a number of reports support a conserved function of this group of homeobox-containing transcription factors in controlling decisions of neuronal cell fate in Drosophila and vertebrates. The conservation of other more recently described roles of BarH/Barhl (e.g., control of cell migration and survival) still remains to be determined. A major group of genes interacting with BarH/Barhl are bHLH proneural genes, which are seen to regulate BarH/Barhl expression (e.g., RGC in Xenopus, commissural neurons in mouse spinal cord), be the target of BarH/Barhl function (e.g., microchaetae in Drosophila), or both (e.g., R8 photoreceptors in Drosophila) (Fig. 2) . This observation reveals a complexity of mechanisms regulating the expression and function of BarH/ Barhl, and the importance of the cellular context in this process.
The mechanisms involved in the control of BarH/Barhl expression have been explored in mouse and Drosophila through the identification of cis-regulatory elements. In mouse, Math1 recognizes and binds to an E-box that results critical for driving mbarhl2 expression to the dorsal spinal cord. Although this E-box is also found in rat and humans, its ability to drive Barhl2 expression has yet to be tested. Interestingly, this enhancer region is absent in mBarhl1 suggesting that, despite the similarity in the expression domains, different regulatory mechanisms control the expression of mBarhl1 and mBarhl2 in mouse (and possibly in other vertebrates). In Drosophila, the ta5 enhancer region functions as both a binding site for a protein complex (Spineless/Tango) necessary for repressing BarH1 expression, and an autoregulatory site possibly involved in maintaining high levels of BarH expression. The resulting activity of the ta5 enhancer region, and thus the observed level of BarH expression in the leg, depends on the availability of the Spineless/Tango heterodimer complex, whose expression is temporally regulated. It is worth mentioning that BarH positive autoregulation has only been observed in Drosophila (e.g., retinal neurogenesis and distal leg specification) and thus the conservation of this phenomenon in vertebrates remains to be determined.
Transcriptional regulation mediated by BarH/Barhl involves either repression, possibly through the activity of FIL domains and the recruitment of Groucho (e.g., repression of ato in Drosophila R8 photoreceptor cells, and of RGC fate in Xenopus) or activation (e.g., activation of AS-C in the Drosophila microchaetae, and of amacrine cell fate in mouse). BarH/Barhl DNA recognition sequences, besides the autoregulatory site described above, are currently unknown and consequently, target genes have been inferred based on deletion mutant lines (Drosophila Df(1)B 263-20 and mouse barhl1 −/− ) and from loss and gain of function assays. Reports on Barx2, a related member of the Bar class of homeobox genes, indicate that this transcription factor is able to directly bind to regulatory elements of several neural cell adhesion molecules, which contains target sites including the core sequence CCATTAG-PyGA (Jones et al., 1997) . Since multiple potential binding sites containing the same core sequence have been observed in the regulatory regions of ato, a gene repressed by BarH, it is possible that BarH/Barhl may also use this core sequence to exert its function (Lim and Choi, 2003) . As for BarH/Barhl, Barx2 also acts as a dual transcription factor that may activate or repress gene expression differentially. For example, in cells that express L1, Barx2 appears to function as an activator, whereas in cells that do not normally express L1 Barx2 seems to act as a repressor (Jones et al., 1997) . The molecular mechanisms that finally determine the activator or repressor activity of BarH/ Barhl (and Barx2) remain poorly understood but seem to depend on the cellular context. Post-translational modifications such as phosphorylations could play a role in this process, through regulating BarH/Barhl DNA-binding affinity, the interaction with others proteins, and/or its proteolysis. For example, Cubitus interruptus, the effector of Hh signaling in Drosophila, functions as either transcriptional activator (full-length form) or repressor (shorter form), and this decision is regulated by partial proteolysis, which depends on phosphorylation sites recognized by protein kinase A, glycogen synthase kinase 3, and casein kinase I (Price and Kalderon, 2002) . Future studies will have to address these and other issues to fully understand the function of BarH/Barhl during embryonic development.
